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Concentrations, Loads, and Yields of Potentially 
Toxic Constituents in Irrigation-Drain Systems, 
Newlands Project Area, Carson Desert, Nevada, 
November 1994-October 1995

By Michael S. Lico and R. Nyle Pennington 

ABSTRACT

The U.S. Geological Survey National 
Water-Quality Assessment Program, in coopera 
tion with the U.S. Department of the Interior 
National Irrigation Water Quality Program, inves 
tigated the chemical characteristics of water and 
bottom sediment in irrigation drains in the New- 
lands Project area near Fallen, Nevada. The pur 
pose of the investigation was to determine loads 
of contaminants potentially toxic to wildlife that 
irrigation drains contribute to wetland areas and to 
identify specific areas that contribute the greatest 
yields. Water and bottom-sediment samples were 
collected and flow was measured at 22 sites in the 
Newlands Project during 1995. Water samples 
were analyzed for major and trace constituents, 
nutrients, and pesticides. Bottom-sediment sam 
ples were analyzed for major and minor elements. 
In addition, flow and specific conductance were 
measured at 150 other drain sites and used, on the 
basis of relations between dissolved solids, boron, 
and specific conductance, to estimate loads of dis 
solved solids and boron delivered by the drain sys 
tems.

Concentrations of most constituents were 
greater for samples collected during the nonirriga- 
tion season (November-March) than those during 
the irrigation season (April-October). Arsenic, 
boron, molybdenum, and dissolved-solids concen 
trations commonly exceeded beneficial-use crite 
ria for water in wetlands.

In general, estimated loads of dissolved 
solids, boron, and arsenic were greater during the 
irrigation season than during the nonirrigation sea 
son. The Lower Diagonal Drain system transports 
the largest loads of dissolved solids, boron, and 
arsenic to the Stillwater National Wildlife Refuge 
(NWR) wetlands. Large loads of these constitu 
ents also were delivered to the Stillwater NWR 
wetlands by the Harmon and Stillwater Slough- 
Kent Lake Drain systems. Drain systems that 
empty into the Carson Lake wetlands (Carson 
Lake and L) deliver approximately equal loads 
of dissolved solids as well as equal loads of 
arsenic to these wetlands. The L Drain system 
annually delivers almost twice as much boron as 
the Carson Lake Drain system to the Carson Lake 
wetlands. About three times as much dissolved 
solids were delivered to the Stillwater NWR wet 
lands than to the Carson Lake wetlands during the 
period of load estimates (November 1994 through 
October 1995).

Five specific areas were identified as the 
greatest contributors of potentially toxic constitu 
ents to the drain systems. These areas are parts of 
the Harmon, Stillwater Slough-Kent Lake, Lower 
Diagonal, Carson Lake, and Soda Lake Drain sys 
tems.

The estimated yields of dissolved solids, 
boron, and arsenic (tons per acre) for the year 
ending October 31, 1995, differed greatly among 
drain systems in the Newlands Project. Areas 
drained by the TJ and Harmon Drain systems had
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the highest yields of dissolved solids and boron. 
The lowest yields of dissolved solids and boron 
were from areas drained by the New River and 
Carson Lake Drain systems. Estimated yields of 
arsenic were greatest from areas drained by the 
TJ Drain system, and also were high for areas 
drained by the Lower Diagonal and Harmon Drain 
systems. Arsenic yields were lowest from areas 
drained by the New River Drain system.

INTRODUCTION

In 1990, Congress passed and the President 
signed Public Law 101-618, also known as the Fallen 
Paiute Shoshone Tribal Settlement Act and the Truc- 
kee-Carson-Pyramid Lake Water Rights Settlement 
Act. This law authorizes and directs the Secretary of 
the Interior to purchase water rights within the New- 
lands Project (informally known as the Newlands Irri 
gation Project) with the intent of sustaining an average 
of about 25,000 acres of wetlands near Stillwater and 
Carson Lake. Pursuant to this law, the Secretary may 
target water-rights purchases to areas deemed most 
beneficial to such a purchase program. Recent efforts 
by the Secretary to identify such water rights in the 
Fallen area have been hampered by a lack of data with 
regard to which lands in the area produce the largest 
amounts of potentially toxic constituents in drainwater.

The U.S. Department of the Interior National Irri 
gation Water Quality Program (NIWQP) and the U.S. 
Geological Survey National Water-Quality Assessment 
(NAWQA) Program provided the funding to gather 
data needed to determine which areas contributed the 
greatest amounts of potentially toxic constituents. The 
NIWQP was conceived in late 1985 in response to 
growing concern by Congress and environmental 
groups over the potential contamination of water used 
for irrigation and its downstream effects, particularly 
on western United States wetlands. Stillwater National 
Wildlife Refuge in the Carson Desert was identified 
(Hoffman and others, 1990) as one of the areas where 
potentially toxic trace elements and dissolved solids 
could pose a threat to human health, fish, and wildlife. 
The NAWQA program was initiated in 1986 at the pilot 
level (seven study areas) with a goal of assessing cur 
rent conditions of about 60 percent of the Nation's 
freshwater streams, rivers, and aquifers. Other objec 
tives of NAWQA are to describe how water quality is 
changing through time and to improve understanding

of the primary natural and human factors that affect 
water-quality conditions. In 1991, the U.S. Geological 
Survey began full implementation of the NAWQA pro 
gram with 20 areas selected to begin study. One of 
these areas was the Nevada Basin and Range study 
unit, which encompasses the Truckee and Carson River 
Basins and Las Vegas Valley.

Purpose and Scope

The purpose of this report is to describe the cur 
rent (1995) quality of irrigation drainage in the New- 
lands Project near Fallen, Nev. (fig. 1), estimate loads 
of potentially toxic constituents transported by drain 
systems, and identify specific areas that contribute the 
greatest yields. The scope of this report includes data 
collected for irrigation year 1995 (November 1994 
through October 1995). Data were collected from most 
major drain systems (22 sites) in the Fallen area (fig. 2; 
table 5) and include water-quality analyses of drain- 
water and bottom sediment. Water samples were ana 
lyzed for major ions, trace elements, nutrients, and 
pesticides. Bottom-sediment samples were analyzed 
for major- and trace-inorganic constituents. Data not 
included in this report can be found in the 1995 U.S. 
Geological Survey annual data report for Nevada 
(Bauer and others, 1996, p. 526-534).

Description of Study Area

The study area includes parts of the Newlands 
Project in the Carson Desert Hydrographic Area 1 
(hereafter referred to as the Carson Desert), approxi 
mately 60 mi east of Reno in western Nevada. The Car 
son Desert is a broad, alluvial basin, about 2,000 mi2 , 
surrounded by mountains that rise from the valley floor 
(which is at an altitude of about 4,000 ft) to altitudes as 
high as 8,790 ft above sea level in the Stillwater Range 
to the east. The valley floor is mostly flat, except for 
some sand dunes, and the northern part is a playa, the 
Carson Sink. The Carson Sink, about 400 mi2 , is the 
terminus for the north branch of the Carson River and,

Formal hydrographic areas in Nevada were delineated sys 
tematically by the U.S. Geological Survey and Nevada Division of 
Water Resources in the late 1960's (Rush, 1968; Cardinalli and 
others, 1968) for scientific and administrative purposes. The offi 
cial hydrographic names, numbers, and geographic boundaries 
continue to be used in Geological Survey scientific reports and 
Division of Water Resources administrative activities.
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in extremely wet years, the Humboldt River. The 
Carson Desert includes many acres of natural and 
man-made wetlands that provide a variety of wildlife 
habitats, among which are wetlands near Stillwater 
NWR and Carson Lake (fig. 1).

The study area is a mid-latitude desert that has 
cold winters and hot summers. Average monthly tem 
peratures during 1941-70 ranged from a minimum of 
about 17°F in January to a high of about 92°F during 
July (Dollarhide, 1975, p. 3). Annual precipitation for 
the same period averaged about 5 in. Reported values 
for evapotranspiration for the Fallon-Stillwater area 
range from 36 to about 60 in/yr (Pennington, 1980, 
p. 58-61; Bureau of Reclamation, 1987, p. 2-24). A 
more detailed description of the geographic setting of 
the Carson Desert can be found in a report by Maurer 
and others (1994, p. 3-6).

Description of Newiands Project

Large-scale irrigation began in the Carson Desert 
during the early 1900's with completion of the New- 
lands Project by the Bureau of Reclamation. Irrigation 
by the Newiands Project utilizes water from the Carson 
and Truckee Rivers, stored in Lahontan Reservoir. His 
torically, about 143,000 acre-ft/yr (1966-91) was 
diverted into Lahontan Reservoir from the Truckee 
River by way of the Truckee Canal and about 266,000 
acre-ft/yr (1911-91) was provided by the Carson River 
(Maurer and others, 1994, p. 15). Release of water from 
the reservoir to a series of supply canals usually begins 
in March or April and has averaged about 385,000 
acre-ft/yr (1966-91). The irrigation season usually ends 
in October or November, depending on the availability 
of water and weather conditions. The study period, 
November 1994 through October 1995, was normal 
with respect to amount of water delivered for irrigation 
during the year. The distribution system consists of 
about 340 mi of canals and laterals (Maurer and others, 
1994, p. 15). About 350 mi of open drains route irriga 
tion-return flow and shallow ground-water seepage to 
the Carson River and wetlands at Carson Lake and 
Stillwater National Wildlife Refuge (NWR). The 
drainage network is shown in detail in figures 2A-E. 
Flow in these drains is highly variable and dependent 
on irrigation schedules, spillage of irrigation water, and 
ground-water levels near the drains. More detail on the 
operation and components of the Newiands Project can

be found in reports by the Bureau of Reclamation 
(1987, p. S-4-S-5; 1994, p. 5-7) and Maurer and others 
(1994, p. 15-16).
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Previous Studies

Results of previous surface-water-quality studies 
in the Carson Desert have been reported by Rollins 
(1965), Van Denburgh (1973), Glancy and Katzer 
(1975), Cooper and others (1985), Garcia and Carman 
(1986), Glancy (1986), Bureau of Reclamation (1987), 
Hoffman and others (1990), Rowe and others (1991), 
Lico (1992), and Maurer and others (1994). These 
studies have characterized the quality of irrigation 
supply and drainwater for the past few decades. Lico 
(1992, p. 19) calculated loads of dissolved solids for 
five drain systems that enter the Stillwater National 
Wildlife Refuge from data collected during 1986-89.

Methods Used in this Study

Field

Surface-water samples were collected from 
drains according to the protocols for the U.S. Geo 
logical Survey National Water-Quality Assessment 
Program (Shelton, 1994). These procedures employ 
methods developed to minimize the potential for 
contamination of water samples during collection 
and preservation. Onsite measurements included pH, 
specific conductance, water and air temperatures, 
barometric pressure, dissolved oxygen, alkalinity, 
and streamflow. Samples for dissolved constituents
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were filtered in the field through a 0.45-jam membrane 
filter and preserved according to procedures outlined 
by Shelton (1994, p. 25). Streamflow was measured 
most commonly with a current meter (Rantz and oth 
ers, 1982, p. 143-146) and at some sites a flume was 
used.

Bottom-sediment samples were collected using 
NAWQA protocols described by Shelton and Capel 
(1994, p. 15-18). These methods ensure that samples 
for analysis of trace inorganic constituents will be pro 
tected from contamination by use of plastic or teflon 
materials that come into contact with the sample. Sam 
ples were seived through a nylon screen in the field and 
the fraction of sample less than 62.5 jam (silt- and clay- 
size particles) was retained for analysis.

Laboratory

Constituents in surface-water samples were ana 
lyzed by the National Water Quality Laboratory of 
the U.S. Geological Survey in Arvada, Colo. For 
inorganic substances, common laboratory methods 
included inductively coupled plasma (ICP) analysis, 
ion chromatography, colorimetric analysis, and 
hydride-generation atomic-absorption analysis (Fish- 
man and Friedman, 1985; Fishman, 1993). Pesticide 
residues were extracted from water samples using 
solid-phase extraction procedures outlined by Sand- 
strom and others (1992) and Zaugg and others (1995) 
and then analyzed by gas or high-performance liquid 
chromatography.

Bottom sediment was analyzed by the Environ 
mental Geochemistry Laboratory of the U.S. Geologi 
cal Survey in Lakewood, Colo., according to the 
methods described by Harms and others (1990, p. 4-6).

Quality Assurance

Quality assurance for the collection, preservation, 
and analysis of surface-water samples included field 
and laboratory procedures. In the field, two types of 
samples (field blanks and duplicates) were collected for 
quality-assurance purposes (Shelton, 1994, p. 39). 
Blank samples were collected to document any possi 
ble contamination due to sample collection and pro 
cessing. These blank samples consisted of pure water 
(analysis of water shows no significant concentrations 
of elements of interest) that is exposed to the entire 
sampling and processing procedure and subsequently 
analyzed in the laboratory by the same methods used to 
analyze water samples from drains. Duplicate samples

were collected following the regular environmental 
sample at selected sites using a completely different 
set of collection equipment. Processing occurred in the 
same manner as the regular sample. These samples are 
used to show the variability of the entire sampling 
process and analytical results, including equipment 
decontamination, sample collection, sample process 
ing, and laboratory analysis.

Personnel at the U.S. Geological Survey National 
Water Quality Laboratory employed the quality-assur 
ance measures described by Pritt and Raese (1995).

The results of the quality-assurance program 
applied to this study indicate that no contamination was 
introduced by the collection and analysis procedures. 
Also, analyses of duplicate water samples indicate that 
variability introduced by collection and analysis of the 
samples was minimal. The quality-assurance data can 
be found in a report by Bauer and others (1996, p. 534).

DISTRIBUTION OF CHEMICAL 
CONSTITUENTS IN DRAINS

Chemical constituents discussed in this report 
have been analyzed in the dissolved and solid phases. 
Filtered drainwater was used to determine dissolved 
chemical constituents and samples of bottom sediment 
were analyzed to determine the concentrations of these 
species in the solid phase.

Drainwater

The concentrations of chemical constituents from 
22 sites shown in table 6 were determined on filtered 
water samples and can be considered "dissolved" for 
the purposes of discussion. The values listed in this 
report are measurements of single samples and cannot 
be thought of as representative of "average" concentra 
tions in water from that particular site. Previous reports 
(Hoffman and others, 1990,p.29;Lico, 1992, p. 13-15) 
have documented the extreme variability of water qual 
ity in drains throughout the Newlands Project area. 
During this study, water-quality monitors were making 
specific conductance measurements (every 15 minutes) 
at eight sites on the major drain systems (sites 1,19,50, 
122, 124, 148, 152, and 164 in table 5) entering Still- 
water NWR and Carson Lake wetlands (fig. 2B-E). 
In addition, flow was measured by gages at two sites 
(sites 1 and 50 in table 5). Specific conductance can 
be thought of as a surrogate for dissolved-solids 
concentration (see section "Loads of Chemical
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Constituents Delivered by Drain Systems"). Therefore, 
the variability in concentration of dissolved constitu 
ents can be estimated from the specific-conductance 
measurements and the representativeness of concentra 
tions in samples can be evaluated. The variability in 
specific conductance and flow measured by monitors 
on Stillwater Point Diversion Canal (fig. 2Q is shown 
on figure 3.

To put the relative concentrations of chemical 
species in drainwater samples in perspective, a short 
discussion of the quality of the source water for irriga 
tion is appropriate. Historical records indicate that 
water released from Lahontan Reservoir is low in 
dissolved solids (between about 150 and 500 mg/L) 
and generally does not exceed any water-quality crite 
ria established by the State of Nevada (Hoffman and 
others, 1990, p. 30; Lico, 1992, p. 14). Rates of water 
release from Lahontan Reservoir are highly variable 
and dependent on time of year, irrigation schedule, 
and amount of water stored in the reservoir. During 
1986-89, flows ranged from less than 1 ft3/s to about J * '

2,000 ft /s on the Carson River just downstream from 
the reservoir. Flows have been greater than 2,000 ft3/s 
at times during the spring of relatively wet years 
due to precautionary releases for flood control.

Figure 4 shows the flow of water below Lahontan Res 
ervoir for water years 1980-95. Peak and minimum 
flows correspond to spring releases and seepage from 
the reservoir during the nonirrigation season, respec 
tively. Flows during the irrigation season typically are 
about I,000ft3/s.

Flow in drains is highly variable during the irriga 
tion season, especially in upstream parts of the system. 
These smaller upstream drains have flows that are 
highly dependent on nearby irrigation, whereas the 
larger "collector" drains have less variable flows. The 
variability of flow in one of these "collector" drains, 
Stillwater Point Diversion Canal, is shown in figure 3.

During 1995, the highest measured flow (about 
200 ft3/s) in Stillwater Point Diversion Canal (fig. 2Q 
was in May. Carson Lake Drain (fig. 2£>), L Drain (fig. 
2£), Stillwater Slough (fig. 2Q, and Stillwater Point 
Diversion Canal had median flows during the irrigation 
season ranging from 10 to 15 ft3/s. TJ-1 Drain (fig. 2Q 
had the lowest median flow (less than 1 ft3/s). Most of 
the other drains evaluated in this report had median 
flows between 1 and 5 ft3/s. Flow was much greater 
during the irrigation season than during the nonirriga 
tion season.
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Figure 3. Daily mean flow and specific conductance measured in Stillwater Point Diversion Canal near 
Fallen, Nevada, 1995.
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Major and Trace Constituents

Water quality in drains within the Newlands 
Project area is time dependent. During the nonirriga- 
tion season, concentrations of most constituents are 
generally greater than during the irrigation season. This 
is due to (1) ground-water seepage contributing a larger 
proportion of flow in the drains during the nonirriga- 
tion season, (2) less dilution by surface runoff from 
fields or spills of irrigation water, and (3) seepage from 
supply canals not providing water to the drains.

Dissolved-solids concentrations are much higher 
during the nonirrigation season than during the irriga 
tion season. The median concentration (2,400 mg/L) 
during November-March (nonirrigation) was more 
than four times greater than the median (500 mg/L) 
during April-October (irrigation, fig. 5,4).

The highest median dissolved-solids concentra 
tion (6,370 mg/L, table 1) was for samples collected 
from the TJ Drain system (fig. 2A). The Upper Paiute 
Drain system (fig. 2A) also had a high median dis 
solved-solids concentration (1.720 mg/L). High dis 
solved-solids concentrations were measured in

Harmon, Upper Paiute, TJ, and Kent Lake Drain sys 
tems, all of which serve the northeastern part of the 
Newlands Project. The best quality water was from the 
L Drain system (fig. 2A), serving the central part of the 
irrigated area, which had a median dissolved-solids 
concentration of about 400 mg/L.

The geographic distribution of dissolved solids in 
drains throughout the Newlands Project has a distinct 
pattern. The highest concentrations are in drains along 
the downstream peripheral parts of the irrigated area, 
especially in the northeast. Maurer and others (1994, 
p. 56-57) divided the Carson Desert agricultural area 
into lateral-flow and discharge areas to explain the dis 
tribution of dissolved solids in shallow ground water. 
The lateral-flow area is in the western, northern, and 
central parts of the irrigated area and the discharge area 
is in the southeastern, eastern, and northeastern parts of 
the irrigated area. In the lateral-flow area, the predom 
inant direction of ground-water flow is in a lateral 
direction, and ground water seeps to the drain systems 
in this area only during the irrigation season when the 
water table is high. However, in the discharge area, 
ground-water seepage is an important component of

12 Concentrations, Loads, and Yields of Potentially Toxic Constituents in Irrigation-Drain Systems, Newlands Project Area
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Table 1 . Median concentrations of dissolved constituents in water samples collected from agricultural drains in 
Newlands Project area near Fallen, Nevada, during 1995

[Abbreviations: mg/L, milligrams per liter; (ig/L, micrograms per liter]

_ . x Dram system
Dissolved solids Sodium 

(mg/L) (mg/L)
Arsenic Boron Lithium Molybdenum Uranium

Drains Entering Stillwater National Wildlife Refuge wetlands

Lower Diagonal
New River
Harmon
Upper Paiute
Stillwater Slough-Kent Lake
TJ

534
580
896

1,720
871

6,370

190
105
210
110
150

1,900

50
26
38
19
34

165

880
690

1,400
1,900
1,500
7,650

50
55

100
110
90

275

23
18
25
41
22

244

24
25
29

8
14

157
Drains Entering Carson Lake wetlands

Carson Lake
L

464
404

94
82

41
29

720
430

70
40

15
10

22
22

drainflow due to the upward flow of ground water in 
this area. The ground water is often quite saline and 
increases the dissolved-solids concentration in drains 
when it enters the drains.

Dissolved-solids concentrations exceeded the 
"effect level" guideline 1 for Mallard ducklings (about 
5,000 mg/L) in approximately 5 percent of the samples 
collected during the irrigation season. The concentra 
tions of several other potentially toxic drainwater con 
stituents vary directly with dissolved solids. These 
constituents are sodium, boron, uranium, and molybde 
num.

Sodium concentrations in drainwater were high 
est during the nonirrigation season (median, 580 mg/L) 
when ground-water seepage was the major component 
of drainflow (fig. 5B). During the irrigation season, 
sodium concentrations generally were much lower, 
with a median (96 mg/L) about one-sixth that during 
the nonirrigation season. TJ Drain system had the high 
est sodium concentrations (median, 1,900 mg/L, table 
1), an order of magnitude greater than the other drain 
systems. The highest measured sodium concentration 
(7,500 mg/L) was in the Harmon Drain system in a 
drain designated as S2G (fig. 2Q. High sodium con 
centrations also were detected in samples from the 
Carson Lake and Kent Lake Drain systems.

'As described by Mitcham and Wobesen (1988b), a 
natural water whose specific conductance equals or exceeds 
7,500 jaS/cm when a fresh water source is not available  
adversely affects ducklings. In the irrigation drains of the 
Newlands Project, this specific conductance equates to about 
5,000 mg/L of dissolved solids.

During the irrigation season, when ducklings are 
present, about 5 percent of the samples exceeded the 
"effect level" criterion for sodium (Mitcham and 
Wobesen, 1988a). Most of the samples that exceeded 
the criterion for sodium were collected from drain sys 
tems that service the northeastern part of the Newlands 
Project.

Boron is another element that correlates with 
the concentrations and distribution of dissolved solids. 
Boron is considered a conservative element and is 
usually concentrated by evapotranspiration rather than 
through chemical or biochemical reactions. Geograph 
ically, boron concentrations are highest in the periph 
eral areas of the irrigated part of the Carson Desert. 
These high boron concentrations (as great as 32,000 
jag/L) coincide with the ground-water discharge area 
delineated by Maurer and others (1994). The median 
boron concentration (fig. 5Q during the nonirrigation 
season (4,300 jag/L) was approximately six times 
greater than the median concentration during the irriga 
tion season (740 jag/L). S2G Drain in the Harmon 
Drain system (site 49, fig. 2Q had the highest mea 
sured boron concentration (32,000 jag/L). The highest 
median boron concentration (about 7,600 jag/L) was in 
the TJ Drain system. Some high concentrations also 
were measured in the Carson Lake, TJ, Upper Paiute, 
and Kent Lake Drain systems.

Criteria for boron in water are 200 jag/L for 
effects on vertebrate embryos (Birge and Black, 1977), 
550 jag/L for the protection of aquatic life (Nevada 
Environmental Commission, 1991), 750 jag/L for 
irrigation of sensitive crops (Nevada Environmental 
Commission, 1991), and 5,000 jag/L for livestock 
watering (Nevada Environmental Commission, 1991).
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Almost all samples (greater than 90 percent) had boron 
concentrations that exceeded the effect level on verte 
brate embryos. During the nonirrigation season, boron 
concentrations routinely exceeded several of these cri 
teria. More than 75 percent of all samples collected 
from drains during the nonirrigation season exceeded 
all the above criteria except livestock watering; more 
than 25 percent of the samples exceeded the livestock- 
watering criterion. During the irrigation season, more 
than 50 percent of the samples had boron concentra 
tions that exceeded the criterion for protection of 
aquatic life. Almost 50 percent of the samples had 
boron concentrations that exceeded the criterion for 
irrigation of sensitive crops and about 10 percent 
exceeded the livestock-watering criterion.

Lithium concentrations are not well correlated 
to dissolved-solids concentrations. In general, lithium 
concentrations were greater in drainwater that flowed 
to Stillwater NWR wetlands than in flows to Carson 
Lake wetlands. During 1995, lithium concentrations 
were greatest during the nonirrigation season (median, 
100 ug/L) when ground-water seepage is the major 
component of drainflow (fig. 5D). During the irrigation 
season, the median lithium concentration was 60 ug/L. 
TJ Drain system had the highest median lithium con 
centration (275 ug/L); all other drain systems had 
water with median lithium concentrations of less than 
half the concentration of TJ Drain system. The single 
highest lithium concentration (1,700 ^ig/L) was in a 
water sample collected from Kent Lake Drain (site 5, 
fig. 2C). Other drain systems that had samples with 
high lithium concentrations were Harmon and Upper 
Paiute. The effects of lithium on fish and wildlife are 
not well known. A standard or guideline for lithium 
concentrations that would protect fish and wildlife 
has not been established as of 1995. Finger and others 
(1993, p. 37) concluded that the interactive effects of 
lithium with other elements (arsenic, boron, and 
molybdenum) may be toxic to aquatic organisms.

Arsenic concentrations are not well correlated to 
dissolved-solids concentrations, most likely because 
arsenic is controlled by oxidation-reduction processes, 
among others, in the natural environment rather than 
strictly evapotranspiration (Welch and others, 1988). 
During 1995, arsenic concentrations were greatest dur 
ing the nonirrigation season (median, 72 ug/L) when 
ground-water seepage is the major component of drain- 
flow (fig. 5E). During the irrigation season, the median 
arsenic concentration (31 ^ig/L) for water samples was 
a little less than one-half of the median concentration 
during the nonirrigation season. TJ Drain system

(fig. 2C) had the highest median arsenic concentration 
of all the drains investigated (165 ug/L, table 1). The 
other drain systems evaluated for this study had median 
arsenic concentrations between 19 and 50 ug/L. The 
single highest arsenic concentration (360 ug/L) was 
detected in a water sample from the Lower Diagonal 
Drain system (fig. 2A). Elevated concentrations of 
arsenic (greater than 100 j^g/L) were found in several 
drain systems, including New River, Carson Lake, TJ, 
Lower Diagonal, and Upper Paiute (fig. 2/4).

Criteria for several beneficial uses exist for 
arsenic; among these are (1) 50 ug/L, primary 
drinking water standard or MCL (maximum contami 
nant level; U.S. Environmental Protection Agency, 
1986); (2) 40 ug/L, effect level for aquatic life 1 (Birge, 
1978); (3) 100 |ug/L, irrigation (Nevada Environmental 
Commission, 1991); and (4) 200 ug/L, livestock water 
ing (Nevada Environmental Commission, 1991). Dur 
ing the nonirrigation season, more than 50 percent of 
the water samples analyzed exceeded both the MCL 
and effect level for aquatic life. More than 25 percent 
of the samples exceeded the criterion for irrigation and 
about 10 percent of the samples exceeded the criterion 
for livestock watering. During the irrigation season, 
approximately 25 percent of the water samples ana 
lyzed exceeded the MCL and effect level for aquatic 
life. Only 10 percent of the samples exceeded the irri 
gation criterion and only rarely did the arsenic concen 
tration exceed the criterion for livestock watering. TJ 
Drain system has a median arsenic concentration of 
165 ug/L, which exceeds all the criteria listed above 
except livestock watering. Median arsenic concentra 
tions for Carson Lake and Lower Diagonal Drain sys 
tems (fig. 2) exceeded the effect level for aquatic life.

Uranium concentrations generally are related to 
the dissolved-solids concentrations, proportionally and 
in geographic distribution. During the nonirrigation 
season, uranium concentrations in water samples are 
greater than those during the irrigation season, with 
medians of 42 ug/L and 16 ug/L, respectively (fig. 5F). 
Uranium concentrations greater than 100 ug/L were 
detected in samples from Harmon, Carson Lake, TJ,

This standard has been replaced with one that considers 
arsenic III concentrations. Arsenic III concentrations were not 
measured as part of this investigation. The old standard is included 
here for comparative purposes only. The U.S. Environmental Pro 
tection Agency (Nevada Environmental Commission, 1991) acute 
and chronic aquatic life criteria for total recoverable arsenic are 
360 |ag/L and 190 |ag/L, respectively.
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Lower Diagonal, and Kent Lake Drain systems. 
The highest measured and median concentrations 
were found in TJ Drain system (280 and 157 jig/L, 
respectively).

Uranium concentrations are regulated by one 
criterion, a proposed U.S. Environmental Protection 
Agency MCL of 20 u,g/L (U.S. Environmental Protec 
tion Agency, 1991). During the nonirrigation season, 
uranium concentrations exceeded the proposed MCL 
90 percent of the time. Concentrations were lower dur 
ing the irrigation season, when about 25 percent of the 
samples exceeded the criterion. All samples collected 
from the TJ Drain system exceeded the proposed crite 
rion. High concentrations of uranium have been shown 
to exist in many irrigated agricultural areas in the west 
ern United States (Seiler, 1996).

Molybdenum concentrations are closely related, 
both geographically and in relative concentration, to 
dissolved-solids concentrations. Sample concentra 
tions generally are higher during the nonirrigation 
season than during the irrigation season. Median con 
centrations for all samples collected during the nonirri 
gation and irrigation seasons are 46 u,g/L and 18 u,g/L, 
respectively. The maximum observed concentration 
(780 jig/L) was in a sample from the TJ Drain system 
(site 11, table 5) collected during February 1995. Other 
drain systems having high concentrations of molybde 
num are Lower Diagonal, Carson Lake, Harmon, and 
Kent Lake Drain systems.

Molybdenum concentrations are regulated in the 
State of Nevada by a single criterion for the protection 
of aquatic life. The criterion is 19 ug/L (Nevada Envi 
ronmental Commission, 1991). A guideline for molyb 
denum in irrigation waters of the west side of the San 
Joaquin Valley of California is 50 ug/L (Albasel and 
Pratt, 1989). This guideline is not enforceable in 
Nevada and is presented for comparative purposes 
only. During the nonirrigation season, more than 75 
percent of the drainwater samples had molybdenum 
concentrations greater than the criterion for the protec 
tion of aquatic life and almost 50 percent were greater 
than the irrigation guideline (fig. 5G). During the irri 
gation season, about one-half of the drainwater sam 
ples had molybdenum concentrations that exceeded 
the criterion for the protection of aquatic life (fig. 5G). 
Slightly more than 10 percent of the samples during the 
irrigation season had molybdenum concentrations that 
were greater than the irrigation guideline. The median 
molybdenum concentration (table 1) in the TJ Drain 
system (244 j^g/L) was far greater than found in other 
drain systems.

The concentration of an individual contaminant 
may not provide information on the interactive effects 
of combined trace elements in a chemically complex 
water regarding the effective lethal concentration to 
plant and animal species (Finger and others, 1993, 
p. 37).

Pesticides

Pesticide use is common in the Newlands Project, 
especially the application of herbicides. These com 
pounds are commonly used to keep roadways, canals, 
and surface drains free of vegetation. For this study, 
pesticides were analyzed in one set of samples (19 sam 
ples) collected during August 1995. The pesticides 
analyzed included the common classes of triazine her 
bicides, chlorophenoxy acid herbicides, carbamate 
insecticides, organochlorine and organophosphate 
insecticides, amide insecticides, and some miscella 
neous compounds.

The results of analysis for the pesticide com 
pounds listed above indicate that contamination of 
drainwater by pesticide usage in the Newlands Project 
area is not widespread. A total of 13 different com 
pounds were detected in water samples (table 7), 
mostly at low concentrations. Seventeen of 19 water 
samples had at least one pesticide at detectable concen 
trations. The largest number of compounds detected in 
a sample was six, at two sites L Drain above Lee 
Drain and Lower Diagonal Drain at U.S. Highway 50 
(sites 148 and 112, respectively, fig. IE). These two 
sites are at the downstream end of their drainage sys 
tems and collect drainage from fairly large areas. The 
most frequently detected compounds in water samples 
were atrazine (79 percent of the samples), simazine 
(68 percent of the samples), and prometon (47 percent 
of the samples). The highest concentration of a pesti 
cide detected (1.6 jig/L of 2,4-D a chlorophenoxy 
acid herbicide) was in a sample from New River Drain 
at Harrigan Road (site 55, fig. 2B). All other detections 
of pesticides were at concentrations much less than 
1 ug/L (table 7).

Bottom Sediment

Major- and trace-element concentrations in bot 
tom sediment were determined for samples from 10 
drain sites (table 8) in the study area. Bottom sediment 
can act as a source or a sink for certain trace elements 
that can adversely affect wildlife. Many trace elements 
are sorbed or precipitated onto the sediment, depending
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on conditions such as pH and Eh of the drainwater and 
sediment. Sediment collected from these drain sites 
was typically organic-rich (1-3 percent organic carbon) 
silt and clay with a distinct hydrogen sulfide (rotten- 
egg) odor indicating reducing conditions.

The trace-element concentrations reported 
for these samples are comparable to concentrations 
reported by Rowe and others (1991) and Lico (1992) 
for the Stillwater area and to those reported by Tidball 
and others (1991) for the entire Carson River Basin. 
Several of the bottom-sediment samples had high dry- 
weight concentrations of some trace elements. Lower 
Diagonal Drain (site 122, fig. 2£) had high concentra 
tions of lead (52 jig/g), molybdenum (11 ng/g), and 
uranium (12 ng/g). The Carson Lake Drain system 
(sites 156 and 164, fig. 2D) had high concentrations of 
molybdenum (33 ng/g), mercury (4.3 and 4.6 fig/g), 
and uranium (26 ng/g). Stillwater Slough (site 19, 
fig. 2Q had high concentrations of lead (59 jig/g) and 
mercury (23 jig/g). Bottom sediment collected from 
Kent Lake Drain (site 5, fig. 2Q had elevated concen 
trations of molybdenum (46 ng/g) and uranium (17 
Hg/g). Arsenic and selenium concentrations in bottom- 
sediment samples (median concentrations of arsenic, 
24 ng/g, and selenium, 0.8 jig/g) were virtually the 
same as those reported by Rowe and others (1991, 
p. 25-27). Elevated mercury concentrations are 
thought to be the result of contamination associated 
with the extraction of gold and silver from ores at mills 
upstream in the Carson River Basin during the 1800's 
(Van Denburgh, 1973). High concentrations of mer 
cury are associated with present and former channels 
of the Carson River and their flood plains. Mercury has 
been associated with present-day hot springs (Weiss- 
berg and others, 1979, p. 757); thus, another source of 
mercury, albeit limited, could be geothermal activity in 
several areas of the Carson Desert, notably near the 
town of Stillwater (fig. 2A).

LOADS OF CHEMICAL CONSTITUENTS 
DELIVERED BY DRAIN SYSTEMS

Loads of certain chemical constituents were esti 
mated for several locations on the major drain systems 
in the Carson Desert. The loads that each of these drain 
systems delivers to the Carson Lake or Stillwater wet 
lands or to the Carson River were calculated from 
chemical analyses of the water samples and measure 
ments of flow and specific conductance. As part of

another program, eight sites (mostly at the downstream 
end of drain systems) were monitored for specific con 
ductance (fig. 2B-E). Flow also was measured at two of 
these sites. Water-quality data were collected at 22 sites 
(fig. 2B-E) during three, week-long synoptic sampling 
periods (February-March, May, and August 1995). In 
addition, water-quality samples were collected at the 
seven monitor sites monthly from February through 
August 1995. Flow and specific conductance were 
measured biweekly at about 20 drain sites from March 
through September 1995.

Data collected for this study are sufficient to esti 
mate the annual contribution of dissolved constituents 
to Stillwater NWR and Carson Lake wetlands for the 
12-month period ending October 31, 1995 (hereafter 
referred to as the 1995 irrigation year). These data 
included as many as 12 measurements at some drain 
locations in calendar year 1995. Flow in drains can 
change rapidly and is dependent on irrigation sched 
ules. During each of the three sampling periods, drain- 
flow was so variable that a balanced water budget could 
not be determined for each drain system. Another fac 
tor that complicates the determination of a balanced 
water budget is the unknown amount of water lost to 
evapotranspiration in and adjacent to the drains. Even 
with the above limitations, the data presented in this 
report represent the relative contribution of dissolved 
constituents by each drain system.

Using the data described above, relations 
between specific conductance and concentrations of 
potentially toxic constituents were determined using 
analysis of covariance. This statistical analysis deter 
mined that the data from each of the three synoptic 
sampling periods were unique populations and thus, 
independent equations were developed for each popu 
lation (fig. 6). Several constituents (dissolved solids, 
sodium, boron, uranium, and molybdenum) had good 
statistical correlations with specific conductance (n 
greater than 0.6; see figs. 6A-C, E, and G). Other con 
stituents, notably lithium and arsenic, were not well 
correlated with specific conductance (figs. 6Z)and F). 
For the good correlations, equations (figs. 6A-C, £", and 
G) were used to calculate concentrations from specific- 
conductance measurements at sites where water-qual 
ity samples were not collected and analyzed. Then, the 
calculated and measured concentrations were used in 
combination with flow-rate data to compute constituent 
loads. In contrast, loads for lithium and arsenic were 
calculated using only measured concentrations from 
chemical analyses of drainwater samples.
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Estimated loads are presented in this report for 
three representative constituents: dissolved solids and 
boron, which have good correlations with specific con 
ductance, and arsenic, which has a poor correlation. 
Computed loads for sodium, uranium, molybdenum, 
and lithium are not presented herein because they 
mimic the estimates for dissolved solids, boron, and 
arsenic.

The contribution of constituents by drain systems 
during the nonirrigation season is considered, for the 
purposes of discussion herein, to be mostly ground- 
water seepage. Therefore, load estimates were sepa 
rated into two categories nonirrigation season 
(November through March; contribution mostly by 
ground-water seepage) and irrigation season (April 
through October; contribution by irrigation-return 
flow and an undetermined amount of ground-water 
seepage). Data collected during February and March 
1995 were assumed to be representative of flows and 
concentrations during the nonirrigation season and thus 
were used to calculate loads for this period.

Drains Entering Still water National Wildlife 
Refuge Wetlands

Six of the nine drain systems evaluated in this 
report discharge into the Stillwater NWR wetlands. 
These systems drain about 47,000 acres (not all of 
which is irrigated) in the northern, central, and eastern 
parts of the Newlands Project. In total, the drains deliv 
ered about 36,000 tons of dissolved solids to the Still- 
water NWR wetlands during the 1995 irrigation year. 
The relative contribution of dissolved solids by each 
drain system to the Stillwater NWR wetlands is shown 
in table 2. The Lower Diagonal Drain system (fig. 2A) 
was the single largest contributor of dissolved solids 
to the wetlands (14,000 tons/yr, table 2) and the Har- 
mon Drain system (fig. 2A) was the second largest 
(7,800 tons/yr, table 2). Together, these two drain sys 
tems supplied about 60 percent of the dissolved solids 
received by Stillwater NWR wetlands. TJ Drain system 
(fig. 2A) sent more than 3,000 tons/yr of dissolved

Table 2. Estimated dissolved-solids loads and yields for drain systems in Newlands Project area near 
Fallen, Nevada, November 1994-October 1995. Loads are based on measurements made in spring 
and summer of 1995

Drain system

Drain- 
system 
area 3 

(acres)

Load (tons)

Nonirrigation 
season, 

November- 
March b

Irrigation 
season, 
April- 

October c

Annual 
total 

(rounded)

Annual 
yield 
(tons 

per acre)

Drains entering Stillwater National Wildlife Refuge wetlands

Lower Diagonal
New River
Harmon
Upper Paiute 
Stillwater Slough-Kent Lake d
TJ

14,400
10,800
6,200
7,000 
7,900
1,100

2,500
60

1,200
75 

4,900
840

11,000
2,100
6,600
2,700 
1,300
2,300

14,000
2,200
7,800
2,800 
6,200
3,100

0.94
.20

1.3
.40
.78

2.8
Total to Stillwater wetlands (rounded) 47,400 9,600 26,000 36,000

Drains entering Carson Lake wetlands

Carson Lake 22,400 1,100
L 16,800

Total to Carson Lake wetlands (rounded) 39,200

420

5,700

4,400

6,800
4,800

.75

0.30 
.29

1,500 10,000 12,000 .30 

Drains entering Carson River

Soda Lake 7,400 720 3,400 4,100 0.55 
Estimated total for Newlands Project (rounded) 94,000____12,000____40,000 52,000 0.55

a Drain system area includes all land, irrigated and nonirrigated, within drainage area of that particular system. 
b Divide nonirrigation season loads by five to determine monthly rate. 
c Divide irrigation season loads by seven to determine monthly rate.
d Stillwater Slough-Kent Lake Drain system loads shown here do not include load from Harmon Drain that enters 

Stillwater Slough upstream from sample collection site.

22 Concentrations, Loads, and Yields of Potentially Toxic Constituents in Irrigation-Drain Systems, Newlands Project Area



solids to the Stillwater NWR wetlands. This drain sys 
tem is scheduled to be closed as ordered by Public Law 
101-618.

Inflow to most drains that empty into Stillwater 
wetlands has two basic components, irrigation-return 
flow and shallow ground-water seepage. The differ 
ence between these two components can be thought of 
in terms of residence time in the soil or aquifer setting. 
Irrigation-return flow has a relatively short contact time 
with the soils, whereas ground-water seepage may be 
in contact with the sediment for much longer periods. 
The proportion of drainflow derived from the two 
sources differs by drain system and is dependent on 
several factors. Some of the factors that control the 
source of water are (1) depth of the drain; (2) depth 
to the water table; (3) presence of a nearby source of 
recharge, such as a canal or lake; and (4) irrigation 
efficiency.

This study was not designed to facilitate the 
determination of the proportions of the two major com 
ponents of drainflow. Thus, the loads presented in this 
report are based on time of year (nonirrigation and irri 
gation seasons), not source of drainflow. The main 
components of drainflow are most likely ground-water 
seepage during nonirrigation season and irrigation- 
return flow during the irrigation season. TJ Drain sys 
tem had 27 percent of its annual load produced during 
the nonirrigation season. During 1986-89, dissolved- 
solids load in TJ Drain delivered during the nonirriga 
tion season was about 30 percent of its total annual dis- 
solved-solids load (Lico, 1992, p. 18). The TJ Drain 
system has deeper ditches than most of the other drains 
in the Newlands Project and they intercept the water 
table. Lower Diagonal and Harmon Drain systems (fig. 
2 A) had an estimated 15 and 19 percent of their annual 
dissolved-solids loads derived during the nonirrigation 
season, respectively. Most of the dissolved-solids load 
transported by the Stillwater Slough-Kent Lake Drain 
systems (79 percent) was delivered during the nonirri 
gation season in the 1995 irrigation year.

Dissolved-solids loads during the irrigation sea 
son generally provide most of the annual load delivered 
to a particular drain (table 2). For the 1995 irrigation 
year, the Lower Diagonal Drain system provided 
nearly one-third of the estimated dissolved-solids load 
to the Stillwater NWR wetlands during the irrigation 
season. This system drains a large portion (about 
14,000 acres) of the central part of the irrigated area in 
the Carson Desert. Harmon Drain system delivered the

second highest irrigation-season dissolved-solids load 
(6,600 tons/yr) to the Stillwater NWR wetlands. Upper 
Paiute, TJ, New River, and Kent Lake Drain systems 
each carried between 1,300 and 2,700 tons/yr of dis 
solved solids to Stillwater NWR wetlands during the 
irrigation season (table 2).

Estimated dissolved-boron loads transported 
by drains to Stillwater NWR wetlands totaled about 
56 tons during the 1995 irrigation year (table 3). 
Approximately 73 percent (41 tons) of this load was 
delivered to the wetlands during the irrigation season. 
The remainder (15 tons) was primarily from ground- 
water seepage that enters the drain systems during 
the nonirrigation season. Among the drains that enter 
Stillwater NWR wetlands, the Lower Diagonal Drain 
system contributed the largest boron load (about 21 
tons/yr) and the Harmon Drain system the next largest 
(13 tons/yr). Each of the other drain systems delivered 
between 4.0 and 9.1 tons/yr of boron. The Upper Paiute 
and New River Drain systems had a small part of their 
boron loads contributed during the nonirrigation sea 
son (2 and 5 percent, respectively). About 20 percent of 
the boron load was delivered by the Lower Diagonal 
and Harmon Drain systems during the nonirrigation 
season. Of all drains entering Stillwater NWR wet 
lands, Kent Lake and TJ Drain systems had the highest 
proportion of their yearly load contributed during the 
nonirrigation season.

About 2 tons of arsenic were estimated to have 
been transported into Stillwater NWR wetlands by the 
drain systems serving the central, eastern, and north 
eastern parts of the irrigated area during the 1995 irri 
gation year (table 4). About one-half (52 percent) of the 
arsenic was carried by the Lower Diagonal Drain sys 
tem. Harmon Drain system was the next largest con 
tributor of arsenic to Stillwater NWR wetlands with 
almost one-half ton delivered in 1995. Each of the 
other drain systems contributed between 3 and 8 per 
cent of the total annual arsenic load to Stillwater NWR 
wetlands (table 4). Overall, about 13 percent of the 
1995 irrigation-year arsenic load was during the nonir 
rigation season. A large part of the total arsenic load for 
the Stillwater Slough-Kent Lake and Upper Paiute 
Drain systems (44 and 35 percent, respectively) was 
delivered during the nonirrigation season.
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Table 3. Estimated boron loads and yields for drain systems in Newlands Project area near Fallon, Nevada, 
November 1994-October 1995. Loads are based on measurements made in spring and summer of 1995

Drain- -

_ . . system Dram system ^

(acres)

Nonirrigation 
season,

November- 
March b

Load (tons)

Irrigation 
season,

April- 
October c

Annual total
(rounded)

- Annual
yield 

(pounds
per acre)

Drains entering Stillwater National Wildlife Refuge wetlands

Lower Diagonal
New River
Harmon
Upper Paiute
Stillwater Slough-Kent Lake d
TJ

14,400
10,800
6,200
7,000
7,900
1,100

4.1
.19

2.5
.076

7.0
1.1

17
3.9

10
3.9
2.1
3.3

21
4.1

13
4.0
9.1
4.4

2.9
.76

4.2
1.1
2.3
8.0

Total to Stillwater wetlands (rounded) 47,400 15

Carson Lake 
L 

Total to Carson Lake wetlands (rounded)

Drains entering Carson Lake wetlands

22,400 1.9
16,800 1.7

41

8.0
15

56

9.9
17

2.4

0.88 
2.0

39,200 3.6 23 27 1.4

Drains entering Carson River

Soda Lake 
Estimated total for Newlands Project (rounded)

7,400 
94,000

1.4 
20

4.2 
68

5.6
88

1.5 
1.9

a Drain system area includes all land, irrigated and nonirrigated, within drainage area of that particular system. 
b Divide nonirrigation season loads by five to determine monthly rate. 
c Divide irrigation season loads by seven to determine monthly rate.
d Stillwater Slough-Kent Lake Drain system loads shown here do not include load from Harmon Drain that enters Stillwater 

Slough upstream from sample collection site.

Drains Entering Carson Lake Wetlands

The drain systems emptying into the Carson Lake 
wetlands service some of the more productive lands in 
the Newlands Project near Fallon. This area tends to 
have soils that do not accumulate as much salt as those 
in the Stillwater NWR drainage area.

Both the Carson Lake and L Drain systems 
(fig. 2A) discharge into Carson Lake wetlands. These 
systems drain about 39,000 acres, mostly in the west 
ern, central, and southern parts of Lahontan Valley. 
During the 1995 irrigation year, the drains delivered an 
estimated 12,000 tons of dissolved solids to the Carson 
Lake wetlands (table 2). About 59 percent of the dis- 
solved-solids load was derived from the area drained 
by the Carson Lake Drain system and the remainder 
came from the L Drain system.

In the Carson Lake Drain system, about 16 per 
cent (1,100 tons) of the estimated annual dissolved- 
solids load in the 1995 irrigation year (6,800 tons) 
was delivered during the nonirrigation season, whereas 
the remaining 5,700 tons were delivered during the

irrigation season. In the L Drain system, about 9 per 
cent (420 tons) of the annual dissolved-solids load 
(4,800 tons) was delivered during the nonirrigation 
season. Approximately 4,400 tons of dissolved solids 
were transported to the Carson Lake wetlands during 
the irrigation season in the L Drain system (table 2).

Land drained by the Carson Lake and L Drain 
systems produced about 27 tons of boron, which was 
delivered to the Carson Lake wetlands in the 1995 irri 
gation year (table 3). Sixty-three percent of this annual 
boron load (about 17 tons) was delivered by the L 
Drain system. Most of this boron load (86 percent) 
was delivered during the irrigation season.

The two drain systems that empty into the Carson 
Lake wetlands (Carson Lake and L) transported about 
1 ton of arsenic to the wetlands in the 1995 irrigation 
year (table 4). The Carson Lake and L Drain systems 
had approximately 29 and 25 percent, respectively, of 
their annual load provided during the nonirrigation sea 
son. The remaining part of the arsenic load was derived 
during the irrigation season.
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Table 4. Estimated arsenic loads and yields for drain systems in Newlands Project area near Fallen, Nevada, 
November 1994-October 1995. Loads are based on measurements made in spring and summer of 1995

Drain system

Drain- 
system 
area 3 

(acres)

Load (pounds)

Nonirrigation 
season, 

November- 
March b

Irrigation 
season, 

April- 
October c

Annual 
total 

(rounded)

- Annual 
yield 

(pounds 
per acre)

Drains entering Stillwater National Wildlife Refuge wetlands

Lower Diagonal
New River
Harmon
Upper Paiute 
Stillwater Slough-Kent Lake d
TJ 

Total to Stillwater wetlands (rounded)

14,400
10,800
6,200
7,000 
7,900
1,100

47,400

Drains entering Carson

Carson Lake
L 

Total to Carson Lake wetlands (rounded)

Estimated total for Newlands Project e (rounded)

22,400
16,800
39,200

86,600

260
14
40

120 
80
40

550

Lake wetlands

300
300
600

1,200

1,900
100
900
220 
100
280

3,500

740
940

1,700

5,200

2,200
110
940
340 
180
320

4,100

1,000
1,200
2,200

6,300

0.15
.010
.15
.049 
.023
.29
.086

0.045
.071
.056

0.073

a Drain system area includes all land, irrigated and nonirrigated, within drainage area of that particular system. 
b Divide nonirrigation season loads by five to determine monthly rate. 
c Divide irrigation season loads by seven to determine monthly rate.
d Stillwater Slough-Kent Lake Drain system loads shown here do not include load from Harmon Drain that enters 

Stillwater Slough upstream from sample collection site.
e Estimated total does not include contribution of arsenic from Soda Lake Drain system.

Drains Entering Carson River

A series of drains serves the northwestern part 
of the irrigated area of the Newlands Project. In this 
report, these drains are referred to collectively as the 
Soda Lake Drain system (fig. 2A). All drains in this sys 
tem eventually discharge their loads into the Carson 
River. No chemical analyses were done on samples col 
lected in these drains; therefore, the loads of dissolved 
solids and boron could be estimated only from specific 
conductance measurements for this system. Arsenic 
concentrations, which did not correlate with specific 
conductance, could not be estimated; thus, arsenic 
loads were not calculated.

The Soda Lake Drain system put an estimated 
4,100 tons of dissolved solids into the Carson River in 
the 1995 irrigation year (table 2). About 83 percent of 
this load (3,400 tons) was transported during the irriga 
tion season. The remaining 720 tons was delivered 
during the nonirrigation season.

The estimated boron load from the area drained 
by the Soda Lake Drain system totaled 5.6 tons during 
the 1995 irrigation year (table 3). Twenty-five percent 
of the boron load (1.4 tons) from this area was

delivered during the nonirrigation season. Most of the 
annual boron load (4.2 tons) was delivered during the 
irrigation season.

YIELD OF CHEMICAL CONSTITUENTS 
FROM DRAIN-SYSTEM AREAS

The yields of dissolved solids, boron, and arsenic 
were calculated for each drain system (with the excep 
tion of arsenic in the Soda Lake Drain system) using
(1) loads calculated at major collection points and
(2) drainage-system areas. The area of each drain sys 
tem was calculated from a geographic information 
system coverage of the Newlands Project and, as such, 
represent the total drainage area for each drain system, 
not just the irrigated area within the drainage basin. 
The yields thus calculated are based on the assumption 
that most of the drainflow originates from the area 
served by the particular drain system as shown in 
figure 2A. Annual yield is the amount of constituent 
(dissolved solids, boron, or arsenic) derived per unit 
area, and is expressed in either tons or pounds per acre 
in this report.
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The overall annual dissolved-solids yield esti 
mated for Newlands Project area near Fallen for the 
1995 irrigation year was about 0.55 ton/acre (table 2). 
During this time, the annual dissolved-solids yield for 
land serviced by drain systems draining to the Stillwa- 
ter NWR wetlands was greater (by more than a factor 
of two) than draining to the Carson Lake wetlands 
(0.75 and 0.30 ton/acre, respectively). The annual dis 
solved-solids yield for the Soda Lake Drain system was 
the same as the average yield for the entire area (0.55 
ton/acre).

Individual drain systems had a wide range of esti 
mated annual dissolved-solids yields (from 0.20 to 2.8 
tons/acre). For systems that deliver their loads to the 
Stillwater NWR wetlands, TJ Drain system had the 
largest annual dissolved-solids yield (2.8 tons/acre). 
Other drain systems (fig. 2A) with large annual yields 
were Harmon Drain system with 1.3 tons/acre and 
Lower Diagonal Drain system with 0.94 ton/acre. 
Drain systems with relatively low annual yields were 
the New River Drain system with 0.20 ton/acre, Carson 
Lake Drain system with 0.30 ton/acre, L Drain system 
with 0.29 ton/acre, and the Upper Paiute Drain system 
with 0.40 ton/acre.

Areal differences in annual yields of dissolved 
boron paralleled those of dissolved solids; the esti 
mated average was about 1.9 Ibs/acre during the 1995 
irrigation year (table 3). The annual boron yield for 
land drained to Stillwater NWR wetlands (2.4 Ibs/acre) 
was almost twice that of land drained to the Carson 
Lake wetlands (1.4 Ibs/acre). The annual boron yield 
for lands drained to the Carson River (Soda Lake Drain 
system) was 1.5 Ibs/acre.

Annual boron yields for land serviced by individ 
ual drainage systems ranged from 0.76 to 8.0 Ibs/acre. 
Land within the drain systems that discharge to the 
Stillwater NWR wetlands had annual boron yields 
ranging from 0.76 to 8.0 Ibs/acre. TJ Drain system 
(8.0 Ibs/acre), Harmon Drain system (4.2 Ibs/acre), 
and Lower Diagonal Drain system (2.9 Ibs/acre) had 
the greatest annual yields in the area that drained to 
Stillwater NWR wetlands. Lands drained by Carson 
Lake and L Drain systems had annual boron yields of 
0.88 to 2.0 Ibs/acre, respectively.

Estimated annual dissolved-arsenic yields for 
all drain-system areas within the Newlands Project 
during the 1995 irrigation year ranged from 0.010 to 
0.29 Ib/acre and averaged about 0.073 Ib/acre (table 4). 
Lands drained to the Stillwater NWR wetlands had a

slightly higher annual arsenic yield (0.086 Ib/acre) than 
those that drained to the Carson Lake wetlands (0.056 
Ib/acre).

The highest annual arsenic yields were for the 
TJ Drain system (0.29 Ib/acre), Harmon Drain system 
(0.15 Ib/acre), and the Lower Diagonal Drain system 
(0.15 Ib/acre). The lowest annual yields were from the 
New River (0.01 Ib/acre), Stillwater Slough-Kent Lake 
(0.023 Ib/acre), Carson Lake (0.045 Ib/acre), and 
Upper Paiute (0.049 Ib/acre) Drain systems.

AREAS THAT CONTRIBUTE GREATEST 
LOADS OF POTENTIALLY TOXIC 
CONSTITUENTS

Certain areas within the Newlands Project con 
tribute large amounts of three potentially toxic constit 
uents dissolved solids, boron, and arsenic in 
drainage from irrigation-return flow and ground-water 
seepage. By comparing the loads of these constituents 
carried from these areas by drains, source areas were 
identified. In the following discussion, general and spe 
cific areas are identified as producing the greatest 
amounts of these constituents.

In general, areas that drain to the Stillwater NWR 
wetlands had greater annual yields of dissolved solids, 
boron, and arsenic than those that drain to Carson Lake 
wetlands (tables 2-4). Certain drain systems (fig. 2A), 
notably Stillwater Slough-Kent Lake, TJ, Harmon, and 
Lower Diagonal have the greatest annual yields of dis 
solved solids, boron, and arsenic. All four of these 
drain systems transport their loads into Stillwater NWR 
wetlands. These areas also have a higher percentage of 
their loads contributed during the nonirrigation season 
than the other drain systems. These areas correspond to 
the discharge zone identified by Maurer and others 
(1994) where evapotranspiration plays a major role 
in the concentration of solutes in ground water.

Several specific areas were identified as contrib 
uting relatively high loads of dissolved solids, boron, 
and arsenic to drains emptying into Stillwater NWR 
wetlands. One such area, denoted by "A" on figure 7 
within the Harmon Drain system (fig. 2A), is west of 
Harmon Reservoir, south of Harmon Drain, and east of 
U.S. Highway 50. The area, which is about 300 acres, 
is drained by S2G (site 49, fig. 2Q, Laist, and Evans 
Drains, which are tributaries to Harmon Drain. This 
area had an estimated annual dissolved-solids yield 
of about 5.4 tons/acre during the 1995 irrigation year, 
which is almost 10 times greater than the average 
annual yield for the Newlands Project (0.55 ton/acre).
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Figure 7. Areas within Newlands Project near Fallen, Nevada, that contribute greatest yields of dissolved 
constituents to wetlands.
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Flow in this drain is not large (maximum recorded flow 
was 5.5 ft3/s, although most measurements were less 
than 1 ft3/s), and specific conductance, an indicator of 
salinity, was among the highest measured in the study 
(ashighas51,100|LiS/cm).

Another area with a large annual dissolved-solids 
yield, denoted by "B" on figure 7, is southeast of the 
town of Stillwater and is drained by Norton Drain (site 
23, fig. 2Q which is part of the Stillwater Slough-Kent 
Lake Drain system. This area of about 300 acres had an 
estimated annual dissolved-solids yield of approxi 
mately 8.9 tons/acre during the 1995 irrigation year. 
Specific conductance was as high as 31,800 juS/cm in 
water from Norton Drain during the nonirrigation sea 
son, indicating seepage of saline ground water into the 
drain. The highest flow measured was 0.34 ft3/s during 
the 1995 irrigation year. Norton Drain services the area 
adjacent to the defunct Hunter Drain, which was filled 
in by the U.S. Fish and Wildlife Service because of its 
contribution of potentially toxic constituents to Still- 
water NWR wetlands. Potentially toxic constituents in 
drains from this area may be exacerbated by ground- 
water flow induced by the presence of Stillwater Point 
Reservoir (Hoffman, 1994, p. 20). This reservoir may 
add water to the shallow aquifer, causing a local 
ground-water mound beneath it. The water then would 
flow away from this mound, dissolve salts that have 
accumulated in the desert soils, and discharge into 
Norton Drain.

The area serviced by the lower reaches of the 
Lower Diagonal Drain system (including Stillwater 
Point Diversion Canal) contributed large loads of 
arsenic to the drains during the 1995 irrigation year 
(area "C", fig. 7). The area is generally east of U.S. 
Highway 50 and west of site 50 (fig. 2Q and is mostly 
barren, unirrigated desert soil (little or no agriculture). 
Potential sources of arsenic are naturally occurring 
arsenic in the desert soil and salt deposits, and dis 
charge of treated sewage effluent from Lower Diagonal 
and New River Drains. This area is in the discharge 
area identified by Maurer and others (1994) where 
ground-water seepage could result from the upward 
ground-water gradient. Salt crusts, commonly seen on 
the soils in this area, may contain arsenic and dissolve, 
adding arsenic to the drainwater. Pumped water from 
the basalt aquifer that underlies part of the Fallon area 
is used for municipal and industrial purposes and has 
an arsenic concentration that exceeds the State 
drinking-water standard of 50 jag/L; thus, treated

sewage effluent also may have high arsenic concentra 
tions. The arsenic concentration in the sewage effluent 
was not determined in this study.

An area in the northwestern part of the Newlands 
Project near Fallon (area "D", fig. 7) contributed a rel 
atively high annual yield of dissolved solids to drains 
that eventually discharged into the Carson River. This 
2,900-acre area is south of Old Reservoir, west and 
north of the Carson River, and east of Soda Lake. The 
estimated average annual yield produced by this area in 
the 1995 irrigation year was about 1.3 tons/acre. 
Approximately 90 percent of the total dissolved-solids 
load delivered to the Carson River by the Soda Lake 
Drain system was derived from this area.

An area in the far southwestern part of the New- 
lands Project (area "E", fig. 7) contributed high loads of 
dissolved solids to the Carson Lake wetlands. This 
770-acre area is west of Carson Lake (fig. 7) and 
yielded an estimated 1.1 tons/acre of dissolved solids in 
the 1995 irrigation year. The average annual yield for 
drain systems that empty into Carson Lake wetlands 
was about 0.3 ton/acre (table 2); thus, more than three 
times the annual dissolved-solids yield was produced 
in area "E" than in other parts of the Carson Lake and 
L Drain systems.

SUMMARY

The U.S. Geological Survey was funded by the 
National Water-Quality Assessment Program and the 
U.S. Department of the Interior National Irrigation 
Water Quality Program to determine source areas for 
potentially toxic constituents transported to Carson 
Desert wetlands by irrigation drains. Water and 
bottom-sediment samples were collected and flows 
measured at 22 drain sites in the Newlands Project dur 
ing the 1995 irrigation year. Major-ion, trace element, 
nutrient, and pesticide concentrations were measured 
in water samples and major- and trace-element concen 
trations were measured in bottom-material samples. 
Additionally, flow and specific conductance were mea 
sured at 150 other sites and used to estimate loads of 
dissolved solids and boron transported by the drain 
systems.

In general, concentrations of most constituents 
were higher during the nonirrigation season than dur 
ing the irrigation season, and loads of most constituents 
were higher during the irrigation season than during the 
nonirrigation season. Arsenic, boron, molybdenum, 
and dissolved-solids concentrations commonly 
exceeded beneficial-use criteria for the protection
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of aquatic life. Lower Diagonal Drain transported the 
largest loads of dissolved solids, boron, and arsenic to 
the Stillwater NWR wetlands. The Harmon and Still- 
water Slough-Kent Lake Drain systems also trans 
ported large loads of these constituents to the Stillwater 
NWR wetlands. Drain systems that terminate in the 
Carson Lake wetlands (Carson Lake and L Drain sys 
tems) each transported similar loads of dissolved solids 
and arsenic. The L Drain system delivered almost twice 
the boron load as the Carson Lake Drain system to the 
Carson Lake wetlands. About three times as much dis 
solved solids was delivered to the Stillwater NWR wet 
lands than to the Carson Lake wetlands during the 1995 
irrigation year.

The annual ton-per-acre yield of dissolved solids 
differed greatly among drain systems in the Newlands 
Project. TJ and Harmon Drain systems had the highest 
annual yields of dissolved solids and boron. The lowest 
yielding systems for dissolved solids were the New 
River, Carson Lake, and L Drain systems. Annual 
yields for arsenic were greatest from areas drained by 
TJ, Lower Diagonal, and Harmon Drain systems, and 
lowest from areas drained by the New River Drain sys 
tem.

Five specific areas were identified as the greatest 
contributors of potentially toxic constituents to the 
drain systems: parts of the Harmon, Stillwater Slough- 
Kent Lake, Lower Diagonal, Carson Lake, and Soda 
Lake Drain systems.
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BASIC DATA

The following part of this report contains tables compiled from data obtained during this study. The tables 
are referenced in the text and contain the following information: table 5, site information, specific conductance, 
and flow measurements; table 6, concentrations of constituents in drainwater samples discussed in this report; 
table 7, pesticide concentrations in drainwater samples; and table 8, concentrations of elements in bottom-sedi 
ment samples. Other ancillary data collected during this study can be found in a report by Bauer and others 
(1996).
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Table 8. Concentrations of elements in bottom-sediment samples from drains in Newlands Project area near Fallon, 
Nevada, May 1995

[Abbreviations: ng/g, microgram per gram, dry weight (equivalent to parts per million); <, less than]

Map 
number 
(fig. 2)

Date Time Aluminum 
(percent)

Antimony Arsenic Barium Beryllium Bismuth Cadmium
(ng/g) (ng/g)

Drains Entering Stillwater National Wildlife Refuge Wetlands

5
19
41
42

122

05-03-95
05-03-95
05-05-95
05-04-95
05-02-95

1400
1020
1100
1400
1000

7.5
7.5
7.1
7.2
7.7

2
4
2
2
2

26
22
24
24
22

890
690
750
860
800

2
2
2
1
2

<10
<10
<10
<10
<10

0.4
.4
.3
.3
.3

Drains Entering Carson Lake Wetlands

100
137
148
156
164

Map 
number 
(fig- 2)

05-02-95
05-01-95
05-01-95
05-02-95
05-01-95

Calcium 
(percent)

1630
1630
1330
1300
1030

Cerium

6.3
8.0
7.3
7.7
7.7

Chromium

2
3
2
3
2

Cobalt

29
27
21
28
22

Copper

720
760
750
730
850

Europium

1
2
2
2
2

Gallium
(ng/g)

<10
<10
<10
<10
<10

Gold
(ng/g)

.3

.4

.4

.4

.3

Drains Entering Stillwater National Wildlife Refuge Wetlands

5
19
41
42

122

2.2
2.2
3.4
5.0
3.1

61
56
56
54
56

30
39
35
34
52

19
16
15
15
17

53
76
40
38
33

<2
<2
<2
<2
<2

13
24
17
14
34

<8
<8
<8
<8
<8

Drains Entering Carson Lake Wetlands

100
137
148
156
164

Map 
number
(fig. 2)

5.8
2.1
2.9
1.8
2.7

Holmium

50
63
56
61
47

Iron 
(percent)

31
37
34
34
27

Lanthanum
(ug/g)

14
19
15
17
11

Lead

35
51
47
56
34

Lithium

<2
<2
<2
<2
<2

Magnesium 
(percent)

14
18
18
18
19

Manganese
(ng/g)

<8
<8
<8
<8
<8

Mercury
(ng/g)

Drains Entering Stillwater National Wildlife Refuge Wetlands

5
19
41
42

122

<4

<4

<4

<4

<4

4.5
4.5
4.1
3.7
4.0

32
30
29
28
29

14
59
13
12
52

80
70
50
40
40

1.6
1.6
1.3
1.2
1.2

710
1,300
1,500
1,700
1,200

0.81
23

.19

.27
1.3

Drains Entering Carson Lake Wetlands

100
137
148
156
164

<4

<4

<4

<4

<4

3.5
4.7
4.1
4.5
3.1

25
34
29
32
25

12
17
18
23
22

40
50
50
50
40

1.1
1.5
1.4
1.4
1.0

1,500
1,300
1,500

660
770

.31
4.4
1.5
4.3
4.6
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Table 8. Concentrations of elements in bottom-sediment samples from drains in Newlands Project area near 
Fallen, Nevada, May 1995 Continued

^ Molybdenum Neodymium number ; . '
(fig. 2) (M9/g) (M9/g)

Nickel
(M9/9)

Niobium
(M9/9)

Phosphorus 
(percent)

Potassium 
(percent)

Scandium
(M9/9)

Selenium
(ng/g)

Drains Entering Stillwater National Wildlife Refuge Wetlands

5
19
41
42

122

46
4
4

<2
11

26
23
23
22
24

23
22
20
18
21

11

9
8
8
8

Drains Entering Carson

100
137
148
156
164

Map 
number 
(fig. 2)

<2
<2

2
33

3

Silver
(M9/9)

20
28
24
26
20

Sodium 
(percent)

16
23
19
20
15

Strontium
(M9/g)

8
8
8

11
7

Sulfur
(MQ/Q)

0.11
.14
.16
.21
.21

Lake Wetlands

.19

.13

.16

.14

.13

Tantalum
fag/g)

1.8
2.0
1.7
1.6
1.7

1.5
1.7
1.7
1.9
2.0

Thorium
(Mg/g)

13
13
11
10
11

9
14
11
13
9

Tin
(M9/9)

0.7
.7
.7

1.0
1.1

2.1
.7
.9

1.3
.7

Uranium
(M9/g)

Drains Entering Stillwater National Wildlife Refuge Wetlands

5
19
41
42

122

0.3
4.3

.2

.3

.5

1.4
1.5
1.6
1.8
2.0

430
420
500
640
560

0.52
.31
.53
.33
.35

Drains Entering Carson

100
137
148
156
164

.2

.9
1.1
1.0
.5

1.5
1.4
1.5
1.9
2.1

610
430
480
410
540

.55

.11

.23

.43

.19

<40
<40
<40
<40
<40

Lake Wetlands

<40
<40
<40
<40
<40

<6.8
15
13
13
16

12
15
9

<8.2
14

<10

<10
<10
<10
<10

<10
<10
<10
<10
<10

17
5.8
9.1
6.4

12

7.4
7.0
7.1

26
6.5
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